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FRORr GROUt;D TE~TS 
By De E . Be e 1 e I' 
SUI\lMARY 
Ground tests weT'e conducted in a speclally constructed 
cockp:1. t rig to determine the 1r.aximum rates of control-
stick (elevator) motion and the correspond:ng maximum 
stick forces that could be exerted , as based on results 
obtained wi th a number of pilots . 
The measu r ements indicate that the maximum rate of 
push on the control st':ck i s greater than the maximum 
rate of pull; that the rnaximum rate of either push or 
pull is less \lihen a. inp.ntal restriction is imposed upon 
the pilot; and t!1at the maximum rates at which the pilo t 
thought he vlould apply elevator control forces in flight 
are constderably less than the rates at which he could 
aup ly t1:ese for2-es with the sa.'Tle stic!c stiff ess. 
rFTR0DUCTION 
The maxlmu.'1'J rates of control L-oti. on a'3 well as the 
maximum forces that a pi lot can exert on the elevator 
controls :>ilust be taken into account in the formu.lation of 
rational design criterions for dynamic tail load computa -
tions . The ~aximu1r. tail load consistent \lath the load 
factor in verticaJ - plane maneuvers r esults when an elevator 
motion is specified in whish the eJevator is IT'oved as 
rapidly as possible to a "r.axir.:um value and held there for 
such a time that, v~en the cont r ols are abruptly reversed , 
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the maximu..m allowable positi V<J :Load factor is ;just reached . 
Several investiGations thnt have SOr.1e beari.ng on this sub -
ject (references 1, 2, anG 3) have already been comnleted, 
but they do not ytel.d SL1ffj clel1t data on the rate of 
control motion . In references 1 and 2 the emphasis is 
placed on the quickness rli th '{hich a maximum force can be 
developed , whereas in reference 3 tests of the ma.x:irmun 
ste ady forces appl led by 2.. -pilot in various posi tions was 
reported . 
The ques tion of hovy the pilot ac tually ~oves the con-
trols denends on such unpredict8.blG variables as the 
phys i olog ical and nsychologic~l make p of the p jlot , which 
are in turn inn uenced by th8 II fe81 lf of the a:i.rplane. 
Th i s subject is large ly outside the scope of the present 
paDe~ which presents mainly the results of tests made 
expressly to determine the effect of several variables on 
the maximum possible rates of stick motion. Nine pilots , 
varying in ohysi cal f1 tne s s and in flying experience , 
p~rticipated in the performance of these tests . 
T~e rig Ised in the tests (s ee fig . 1) consisted of 
an adjustable bucket-type pilot's seat , a control stick , 
and a rudder bar that were mounted on a heavy wooden table . 
The rel a tive positions of the se~t , stick, and rudder bar 
were similar to those used in pr8sent-day fighter air -
planes. A resisting force was applied to the stick by 
means of two preloaded spiral springs , which were attached 
at one end to a movab le shelf that was installed under the 
table top . The other ends of the springs were attached 
to a collar , which could slide on a projection of the 
stick that extended below the table top . Adjusting the 
height of the shelf and of the collar permitted different 
spring restrajnts to be impo sed on the stick . 
It was realized at the outset that general relation-
shj ps tha-t would hold for all case s could not be e s tab -
lished between the force and the stick deflection . With 
the type of control motion contennlated, an adjustment of 
the springs such that an additional restraint would be 
imposed during the return motion uppeared necessary . 
Thjs adjustment would be in accordance with conditions that 
would occur in flight when an angular veloc ity was present 
and a convergen t elevator was us ed . For this purpose , an 
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adjustable nonreturn nechanism was attached to the spring 
supplying the restraint in the pull directiori . The 
action of this apparatus is illustrated in fioure 2, which 
shows the time variation obtained for the stick position 
and the stick force with the mechanism in operation . A 
diagrammatic view of the stick system is also shown on 
this figure . A strict interpretation of the results of 
figure 2 in terms of the corresponding aerodynamic parame -
ters of the substitute elevator is not possible because 
varying values of the parameters would be obtained for 
different parts of the cnrve . 
The position of the stick was recorded by a control -
position recorder mo~nted on top of the table . A timer, 
also mounted on top of the table , was used to impress 
timing signals on the control - position record in order 
that a c curate time histories cOlld be obtained . The 
relation between the stick position and the stick force 
was obtained by separate calibrations for which the stick 
was pulled back slowly by a spring scale with the s helf 
in each of the positions used during the tests . 
A thigh belt was used to secure the pilot in the 
seat . Although the belt restricted the reach of the 
pilot , the r e sults obtained b y its use were believed to 
be more consistent than would be obtained if no belt were 
used . 
.METHOD A_Tn TEsrrS 
Three types of stick motion were investigated. For 
each type , resisting forces of 33.3, 16 .6, 8 .3, 
and 4.2 pounds per inch of control - stick displacement were 
imposed on the control stick . For the first part of 
the investigation, measurements were made of the maximum 
rate and corresponding maximum force obta ined when the 
stick was pulle d and thGn pushed as rapidly as possible 
with no limitation as to either displacement or force. 
In addition, one pilot was i n structe d to move the control 
stick in this same nanner with no resisting force other 
than inertia on the stick . 
For the second part of the investigation, the pilot 
was requested to use only one - half the displacement ob-
tained in the first part . rhis condition was thought to 
simulate more nearly the f light condition inasmuch as the 
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pilot would genel'ally be cons tr' c.d,ned. as to amount of de -
flectj_on by the know~_edO'e tt.at in flight he might obtain 
larger a c celerations th \ n he could comfortably stand . 
For the third par t of the investigation, measureMents 
were made of t~e maxintoo rate and corre sponcing naximum 
forces at 'hich the subject pilot thought he would move 
the control stick to pt~ll OLt from a di ving atti tude if 
forces similar to tho se applied to the cockpit rig were 
experienced in t~e di~ . These measurements are limited 
in that they depended on the extent of flying experience 
and imagination of e8.ch of the sub ject pilots . 
The m'ximum rates for the tests of the three types 
of stick motion were obtained d irectly from the record 
films by measuring the m'ax. nlUm slopes thereon and the 
rate of film travel at th~ midpoint of t he maximum slope . 
Maximum forces also were o~:: talnod fr om tho film records 
by reading the maximllll deflections 0::" tbe stick . 
ACCtTRACY 
The measurements of the control - stick rates are 
believed to be a.ccurate to ±lO inches per second, whereas 
the m6asurements for maximum stlck forces a re accurate 
to ±3 pounds . These values are largely based upon the 
accuracy to which the film records can be read. 
RESULTS ArD DI8CUSSION 
The results of the measurements made to determine 
the maXiml.lIll rates at which a pilot c a n move the control 
stick with various restraints in the control system are 
presented in figures 3 to 12 . These figures show that 
considerable sc~tter exists in the data . When this 
scatter was first noted , consideration was g iven to 
plotting the ma.ximum rate of stick movement for each pi l ot 
against the power exerted o.t the time of maximum rate in 
order to r e duce the s ca t tel" . The scat t e r , howe ve r , s ti 11 
persisted and it was finally d8cided to plot the maximum 
rates against either the maximum for ce or the maximum 
stick displ aceme nt for a given run without distinguishing 
between pilots . 
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All the results given in fi gures 3 to 6 have one 
thing in commonj that ls, with an increase in the maximum 
stick force there is a definite decrease in the maximum 
rate of stick motion . This result contradicts results 
of previous tests (reference 1) , which report that forces 
have little or no effect on the r ate of control movements 
provided they are within the pilot's capability . 
Figures 7 to 10 show that the maximum rate also 
increases with stick displacement . This variation is to 
be expected from the results in figures 3 to 6, however, 
because with the system used the force is proportional to 
the displ a c emen t . 
Comparison of the results shown in figure 11 and 12 , 
which represent the measurements made to determine the 
maximum rates of stick motion during simulated dive pul l -
outs , with results shown in figures 9 and 10 shows that 
the m~ximum rates at which t~e pilots think they would 
move the stick is considerably lower than the rate at 
whi ch they could move the stick . All the pilots were of 
the opinion that the highest value of r estraint used in 
the tests was more t han would be experienced with present -
day airplanes; however , records of s~ch forces obtained 
in flight on fighter - bomber ai r planes indicate that re -
straints of this magnitude may exist . 
A s~~ary of the rates of sick motion given in 
table I shows that the rate of motion is from 25 to 
60 percent greater in the push direction than in the pull 
direction . Factors that contribute to this difference 
are: (1) the returning force introduced by the system 
used effected the first part of the pushin~ motion , 
(2) the distance the stick may be moved is greater in the 
push direction, and (3) the pilot is in a nore favorable 
position for performing t he pushing operation . 
From the Sll.!TIr.1ary i ven in table I it may al S 0 be 
seen that the maximum rates obtained in either direction 
o~ motion with no restriction were from 20 to 50 percent 
greater than those obtained with a restriction as to the 
amount of travel . This difference in the rate seems a 
reasonable one in view of the restrictions imposed. It 
also seems reasonable that different results would be 
obtained if a different restriction had been imposed on 
the pilot . 
J 
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CONCLUSI O?-TS 
Tosts conducted ~y ~eans of a specially constructed 
coc~pit ri~ to deter~ine maximum rates of control - stick 
potion indicate the follo~ing ~onc]us!ons: 
1. The maX11Y1Um r6.tes of stick rrJOVEment are g reater 
in t~1.e push dire~tion than ir, p'.J.j.l whether there is a 
:mental re3triction or no r es triction ir-posec. on the 
pilot as to stick travel . 
2 . 'J'he ~a.xj. !1"u'Y' rn tes of sticli: movement in~rease both 
w5. th a deere ase in max imum s t i0 1,{ force and wi th an in-
crease in r~ 8ximum sti('.k displacement . 
3. The maxirrwn rate at which a pi lot believed that 
he '~l o'lld move the con trol s tic'-\ is cons j de:rably lower than 
the rate at which he c6uld mov.g the stick . 
Langley Memor i al Aeronautical Laboratory 
National Adviso r y Cormnitte G for Aeronautics 
Langley Field , Va. 
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TA13LE I 
RATES OF ST IC K MOTION iJEASURED IIi GrWUND TESTS 
r Max imum rates of stick-mot~~~'-- ._-] 
(in./scc) 
St ick force r ---
per unit No restrictions With "!1ent3.1 restrictions I 
di(i;i~~~)nt - Pull Push pu:l~--I---~ ~Sh----1 
l\llnimun~_~JaXimUm Minimum 1?'laXirrl1_~, __ ! ~Tinimum I Maximum! llinimum I r:1aximum 
0 75 l~ 105 251 
4.2 1.~7 110 80 lLI_O 
8 .3 49 103 65 124 
16.6 33 80 47 107 
33.3 23 53 33 63 
-·------1 -------1----------------
1 35 I 99 I 66 114 
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(a) Three-quarter front view. 
(bl Side view. 
Figure 1. - Cockpit rig used to obtain maximum rates of control 
motion. 
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